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LARGE number of the known stable ele-
ments have been bombarded by neutrons of
energies ranging up to 20 Mev. The transmuta-
tion reaction of the type involving the ejection of
two neutrons is apparently evident with varying
degrees of intensity in nearly all the elements of
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the periodic table. In addition, reactions of the
type where a proton or an alpha-particle is
ejected are observed. For bombarding neu-
trons of low energy these reactions are observed
only for relatively light elements, but for very
energetic neutrons such reactions are evidently
quite common in elements of high atomic number.

TABLE 1. Radioactivity produced by very high energy neutron bombardment.

At. Element
No. |bombarded | Period, intensity, sign, assignment Other work
6 C 20 m, »ww, -+, Cn
7 N 10.5 m, ww, -+, NB
8 0] 2.1m, ww, +, O 2.1 mt
9 F 108 m, w, -+, F8Chem. ?
12 Mg 15 h, ws, —, Na*
13 Al 10 m, w5, —, Mg
15 h, w»s, —, Na? Chem.
14 Si 6 m, w, -+, Si¥7
11 m, rmw, -+,
15 P 3 m, ws, -+, D3 2.5 m?
2.5 h, s, —, Siu
16 S 26 m, wrw, -+, SH
14 . d, s, -, 32
17 Cl1 33 m, s, +, CBChem.
14 d, s, =—, P»
19 K 7.5 m, s, +, K38
4 m, s, -,
1.8 h, w, —, A%
20 Ca 4.5m, vw, -+, Ca¥
21 Sc 4 , wvs, -+, Sc8
2 . s, 4+, Sc#
22 Ti 1.7 h, wvs, —, Sc
28 N s, —, Sc
23 A\ 4 m, s, —, V% Chem.
1.8 d, ww,
24 Cr 4 m, wovs, —, V2
1.7 h, S, =,
25 Mn 3.6m, v, —, V
2.5 h, s, —, Mns
26 Fe 2.5 h, ws, —, Mn?
27 Co 2.5 h, s, —, Mns% Chem. 11 m3
28 Ni 2 h, w, 2.7 h3
6 d, ww, 11 m3
29 Cu 10 m, w»s, —, Cu® 10.5 m2 4 & 1
12,5 d, s, =, Cu® Chem.
30 Zn 6 m, wvs, —, Cusé 6 mt
40 m, wvs, -+, Zn Chem. 38 m2, 60 m#* 3
12.5 h, s, =, Cu® Chem.
31 Ga 20 m, s, —, Ga® 20 m2, 5 m!
55 m, s, +, Ga®8Chem. 60 m!
1.7 h, s, -+,
22 h, w, —, Gan
32 Ge 1.3 h, s, =
20 h, w, -—, Ge?
33 As 1.1d, s, -, As’ Chem.
13 d, w,
34 Se 1 h, w»s, —, SeChem. 56 mi
35 Br 7 m, s, , Brm 3.5 m2 5 mt
18 m, s, , Brso Chem. 18 mt 2 5
4 h, s, ,  Brso.Chem. 5 h!, 24 hd
37 Rb 11 m, s, -,
22 h, s, =,
38 Sr 18 m, s, -
3 h, s, +, Sr Chem.
39 Y 11 m, S8
1.2 h, S,
6.5 h, w -,

At. Element
No. [bombarded | Period, intensity, sign, assignment Other work
24 d, v, -—, YW
40 Zr 10 m, s,
5 h, w, , Zr
44 h, w, , Zr
41 Cb 7.3m, w,
38d, w,
42 Mo 17 m, s, -, 21 md, 17 m?
5 , W, =,
44 Ru 24 m, 1w,
3.6 h, w,
45 Rh 4 m, s, -,
1. , W, -,
46 Pd 18 m, w, -, Pd
12.5 h, w, —, P
47 Ag 25.5m, wvs, -+, Ag! Chem. 24 mb 2t
13 d, w, —, AgChem.
48 Cd 33 m, s, +,
3 h, w -—, Cd®» 3.3 ht
53 h, ww, -—, Cdw?
49 In 1.1 m, s, -, 1m21
54 m, s, —, In Chem.
4 h, ws, —, InChem.
2 mo, s, —, In Chem.
50 Sn 47 m, s, -,
51 Sb 15.4 m, s, 4+, Sbo 13 m2 117 m¢
23d, w»w -—, Sbz
52 Te 1.1 h, wvs, —, 60 m# 2
30 d, w,
53 I 26 m, S, , 1128 Chem.
56 Ba 2.5 m, s,
85 m, w, , Bais®
57 La 22 h, w,
58 Ce 40 m, w, -,
59 Pr 3 m, w, <+, Pruo
20 h, w, , Pri2
60 Nd 22 h, w, -,
19 h, w, -—, Prie
64 Gd 199 h, w, -,
66 Dy 25 h, w, -,
73 Ta 9.1 h, w, 14 m?
75 Re 18 h, s, =—, Re!s6
77 Ir 15 h, s, —, Ine
78 Pt 1.8 h, s, —,
3 d, ww,
79 Au 17 m, w,
2.5 d, w, , Aues
80 Hg 45 m, s, -, 43 mt
81 Tl 5 m, S, , TIeo8 4.1 m¢
50 m, w, , Tz
82 Pb 5 m, w, -,
1.5 h, w, \
920 Th 5 m, s, -—,
1.4 h, S,
92 10) 26 m, s, )
4 h, s =
13 h, s, —, EkaOs
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These neutrons of high energy are obtained by
the previously reported method of bombarding
lithium in the cyclotron with 6.3 Mev deuterons.!

The results are summarized in Table I. The
assignment of the periods is tentative and is based
upon evidence from the sign of the emitted beta-
“particle, the chemical separations and known
periods from other sources. Detailed work is
necessary in many cases to make identification
positive. Of the 113 periods listed in the table
only about a fourth can also be obtained by
slow neutron bombardment. Bismuth was the

1 Pool, Cork and Thornton, Phys. Rev. 51, 890 (1937).

IMPORTANT NOTICE

only element tried that gave no measurable
radioactivity.

The authors are very grateful for help from
various sources. Professor Quill of the Ohio State
University supplied very pure samples of several
of the more rare elements. Professor Hopkins of
the University of Illinois loaned the dysprosium,
previously used for atomic weight measurements.
Mr. D. W. Stewart, Mr. E. Rosenbaum and Miss
G. Mueller made the chemical separations. The
aid of Mr. B. R. Curtis in connection with the
cloud chamber observations is also gratefully
acknowledged. This work was made possible by
a grant from the Horace H. Rackham fund.

Volume 1, No.
Volume 2, No.
Volume 2, No.
Volume 2, No.
Volume 7, No.
Volume 7, No.
Volume 7, No.
Volume 7, No.
Volume 7, No.
Volume 9, No.

covering letter.

Important Notice

HE American Institute of Physics will pay $2.00 per copy for each
of the following issues of the Physical Review:

6—June, 1913
2—August, 1913
4—CQctober, 1913
5—November, 1913
1—January, 1916
2—February, 1916
3—March, 1916
4—April, 1916
5—May, 1916
2—February, 1917

Copies should be in good condition. They should be addressed to the
Publications Manager, American Institute of Physics, 175 Fifth Avenue,
New York, New York, with the name and address of sender and with a




